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This paper presents the treatment protocol of maxillofacial surgery in the rehabilitation process of cleft lip and palate patients adopted at HRAC-USP. Maxillofacial surgeons are 
responsible for the accomplishment of two main procedures, alveolar bone graft surgery 
and orthognathic surgery. The primary objective of alveolar bone graft is to provide bone 
tissue for the cleft site and then allow orthodontic movements for the establishment of an an 
adequate occlusion. When performed before the eruption of the maxillary permanent canine, 
it presents high rates of success. Orthognathic surgery aims at correcting maxillomandibular 
discrepancies, especially anteroposterior maxillary deficiencies, commonly observed in 
cleft lip and palate patients, for the achievement of a functional occlusion combined with 
a balanced face.
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Figure 1- Occlusal view showing the aligment of the 
maxillary segments
Figure 2- Preoperative view of the alveolar cleft showing 
the adequate keratinized mucosa
INTRODUCTION
Maxillofacial surgery is involved throughout 
the rehabilitation process of cleft lip and palate, 
conducting minor procedures such as extractions, 
orthodontic traction, diagnosis and treatment of 
oral lesions and surgically assisted rapid maxillary 
expansion, as well as the two main procedures, 
i.e., alveolar bone graft, which main objective is 
to provide bone tissue for the clef site, ideally 
performed from 9 to 12 years of age, and 
orthognathic surgery, performed at the end of facial 
growth for the correction of maxillomandibular 
discrepancies, usually observed in patients with 
cleft lip and palate.
The purpose of alveolar bone grafting is to fill 
the alveolar bone cleft6, support the alar base16,25, 
eliminate oronasal fistulas5,8, increase maxilla 
stability1, allow the eruption of teeth into the 
grafted area4, support the teeth adjacent to the 
cleft17, improve nasal symmetry29, and permit 
the orthodontic movement and the placement of 
osseointegrated implants, when indicated1-3. In 
turn, the goal of orthognathic surgery is to correct 
moderate and severe sagittal maxillomandibular 
discrepancies that could not be treated during 
the growth period by orthopedic or compensatory 
orthodontic treatment.
This paper describes the treatment protocol 
involving the specialty of maxillofacial surgery 
during the rehabilitation process of cleft lip 
and palate at the Hospital for Rehabilitation of 
Craniofacial Anomalies (HRAC-USP).
ALVEOLAR BONE gRAFT PROCEDURE
The period in which bone graft surgery is 
performed is of particular interest and is one 
of the main points for the achievement of good 
surgical outcomes. In the classic study of Boyne 
and Sands (1972), alveolar bone grafting surgery 
was classified according to the chronological age of 
the patient: 1) primary bone graft: performed in 
patients under 2 years of age; 2) early secondary 
bone graft: performed in patients aged 2 to 5 
years; 3) secondary bone graft: between 6 and 
15 years of age, and, 4) late secondary bone 
grafting: in individuals with complete dental and 
skeletal development. Silva Filho et al (1995)26, 
in turn, classified the bone graft surgery primarily 
according to the age of dental development: 1) 
primary alveolar bone graft: performed in the early 
childhood, around 1 year of age, along with the 
surgical repair of the palate, before the deciduous 
teeth have erupted completely; 2) secondary 
alveolar bone graft, performed along the mixed 
dentition, between 6 and 12 years of age. It may 
be subdivided into: a) early secondary: performed 
between 5 and 6 years of age, b) secondary: 
performed before the eruption of the permanent 
canine, between 8 and 12 years, c) late secondary: 
performed after the eruption of the permanent 
canine, approximately at age 12, and, finally, 3) 
tertiary alveolar bone graft, performed in adulthood, 
around 18 years of age.
It is important to mention that scientific 
evidence6 have shown that primary alveolar bone 
graft surgery can impair maxillary growth leading 
to the development of malocclusions, including 
anterior and posterior crossbites. For this reason, 
the secondary alveolar bone graft, as described by 
Boyne and Sands (1972)6 is the procedure elected 
by HRAC-USP as one of the important therapeutic 
stages for the rehabilitation of patients with cleft lip 
and palate. It has been performed routinely since 
1992 when the Oslo team visited HRAC-USP, in 
order to teach and train the maxillofacial surgeons. 
It is our understanding that, when performed before 
the eruption of the maxillary canines, secondary 
alveolar bone graft allows great periodontal support 
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for the eruption and preservation of the teeth 
adjacent to the cleft with no interference in facial 
development1. Furthermore, permanent canine 
tooth eruption promotes an intrinsic stimulus on 
the grafted bone, an essential factor for preventing 
resorption and maintaining bone level during bone 
healing30.
However, some procedures must be performed 
and some clinical details must be observed before 
bone grafting in order to obtain good surgical 
outcomes, as follows: 1) the correction of maxillary 
arch constriction by means of maxillary expansion is 
necessary before surgery in most of the cases13,14. 
The objective of maxillary expansion is not only to 
treat the posterior crossbite, but also to align the 
maxillary segments, increasing the alveolar cleft 
width and, consequently, creating enough space for 
bone graft placement. Additionally, it facilitates the 
transoperative maneuvers for nasal mucosa lifting 
and its suture before the graft is placed (Figure 1); 
2) Diagnose the presence of premature contact in 
the premaxilla, especially in bilateral clefts. These 
contacts mobilize the premaxilla and impair bone 
formation after the graft; 3) Presence of erupted or 
partially erupted teeth at the cleft area complicates 
the handling and suturing of soft tissue after the 
bone graft. erupted supernumerary teeth located 
at the cleft borders should be extracted 4 months 
before surgery in cases where there is no space 
in the arch. In late secondary alveolar bone graft 
cases, maxillary canines should be orthodontically 
moved if they erupted much too close to cleft 
borders, impairing the suture procedures and the 
accommodation of the bone graft; 4) Unerupted 
lateral incisor distal to cleft can be extracted during 
surgery, for orthodontic purposes, if indicated. 
Special attention should be given to trans-surgical 
extraction since it may increase the dimension 
of the oronasal fistula or even lacerate the nasal 
mucosa, making it difficult to stabilize the bone 
graft transoperatively; 5) Gengival graft should be 
performed before bone graft procedure for maxillary 
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Figure 3- Pre-bone graft radiography
Figure 4- Secondary alveolar bone graft procedure performed in a unilateral cleft (left side). (a) Pre-incision intraoral view. 
(b) Incision. (c) Alveolar cleft
a b c
Figure 5- Placement of cancellous bone from the iliac 
crest Figure 6- Final suture
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anterior teeth with a thin or absent keratinized 
mucosa. This procedure optimizes the periodontal 
postoperative hygiene, and, 6) evaluating the 
alveolar cleft width and the quantity and quality of 
the buccal and palatal mucosa is necessary (Figure 
2). Available soft tissue should be sufficient to be 
rotated covering the entire graft region without soft 
tissue tension. 
Autogenous bone is still considered the gold 
standard material for filling the alveolar cleft. Bone 
marrow is preferred instead of the cortical bone 
due to the greater amount of bone cells1 and its 
capacity to induce new bone formation. To fill the 
alveolar cleft, the iliac crest is the place of choice 
because of the amount of bone marrow available3,15. 
However, other regions may be considered as donor 
sites, such as calvaria24, mandibular symphisis27 
and tibia20. Nevertheless, other materials have 
been used like bone morphogenetic protein (BMP) 
and bone substitutes19,21 such as allogeneic bone22 
and hydroxyapatite11. The protocol adopted at 
the Hospital for Rehabilitation of Craniofacial 
Anomalies, for all ages, is still the use of iliac crest 
as donor area due to the amount of bone marrow, 
good postoperative outcomes and possibility of 
orthodontic movement of adjacent teeth in the 
grafted area.
Preliminary data from a study performed 
at our center have shown that the use of bone 
morphogenetic protein (rhBMP-2) (Infuse Bone 
Graft, Medtronic Sofamor Danek, Memphis, 
Tennessee, USA) can induce bone formation in the 
cleft area in a similar way as to autogenous bone 
graft. Surprisingly, the rate of success, assessed 
by the height of the intterdental septum formed 
in the cone beam computed tomography image, 
was higher (100%) for the rhBMP group when 
compared to the autogenous bone group (83%). 
These data suggest that when secondary alveolar 
bone graft is performed using rhBMP-2 similar, or 
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Figure 8- Preoperative photographs of a patient with complete unilateral cleft lip and palate treated with orthognatic 
surgery (a) Front preoperative photograph; (b) Smile preoperative photograph and (c) Profile preoperative photograph
a b c
Figure 9- Preoperative intraoral photographs (a) right occlusion view, (b) frontal view, (c) left view
a b c
Figure 7- Postoperative radiography
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even better surgical outcomes can be achieved. 
Due to the data obtained, the authors suggest that 
bone engineering science might have found a path 
to a promising bone substitute.
The success of secondary bone graft is directly 
related to pre-graft orthodontic preparation2,8, 
careful surgical manipulation of the soft tissue 
and maintenance of oral hygiene postoperatively 
(Figure 4, 5, 6). Trindade, et al. (2005) assessed 
the outcomes of secondary alveolar bone grafts 
using autogenous bone in patients with complete 
unilateral cleft lip and palate operated before 
eruption of the permanent canine in a sample from 
HRAC-USP, by means of radiographic analysis. 
Eighty six percent of the cases were classified 
as successful outcomes and canine eruption was 
observed in 95% of the cases operated 4 years 
before the study. The authors concluded that when 
alveolar bone graft is performed before canine 
eruption it can be considered a procedure with a 
high rate of success. 
On the other hand, Trindade-Suedam et al 
(2012) assessed the outcome of the alveolar 
bone graft, using autogenous bone, by means 
of cone beam computed tomography. Outcome 
assessment was performed according to the timing 
of surgery: secondary alveolar bone grafting 
(SABG), undertaken during mixed dentition and 
tertiary alveolar bone grafting (TABG), undertaken 
during permanent dentition. In the SABG group, 6 
to 12 months postoperatively, 75% of the patients 
were classified as having excellent/good conditions 
and 25% as having regular/bad conditions. No 
patients were observed as having failure conditions. 
In the TABG group, 53% of the patients were 
classified as having excellent/good, 21% were 
classified as having regular/bad conditions, and 
26% were classified as having failure conditions. 
Significantly better outcomes were observed for the 
SABG group when compared with the TABG group. 
In conclusion, the age in which ABG is performed is 
a factor that impacts on the surgical outcome and 
increasing age is associated with worse outcomes.
After graft surgery, the patient remains 
hospitalized for 4 days for oral hygiene instructions 
and postoperative control. The clinical and 
radiographic follow-up is performed after 60 days 
of surgery and, if there was bone formation, the 
orthodontic treatment is initiated. If the amount 
of bone formed is not sufficient for orthodontic 
movement, an additional 60-day period is necessary 
for revaluation (Figure 7).
The major complications of this procedure 
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Figure 10- Le Fort I osteotomy with maxillary advancement 
was performed. Postoperative photographs are shown (a) 
facial frontal view (b) facial lateral view (c) post-surgical 
cephalometric radiography
a
b
c
Figure 11- Postoperative intraoral photographs (a) right view (b) frontal view (c) left view
a b c
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include resorption of bone graft, suture dehiscence, 
tissue necrosis, especially in the palatal area, 
and graft contamination. These complications 
can be observed more frequently when alveolar 
bone graft is performed after maxillary canine 
eruption, mainly in complete alveolar clefts and 
wider defects. It seems that there is an ischemia 
in the most central portion of the bone graft and, 
then, tissue necrosis is observed. Vertical (height) 
and horizontal (thickness) bone resorptions can 
be observed especially in late secondary alveolar 
grafts, large bone defects and severe maxillary 
vertical deficiency. When these events occur it is 
important to consider if it is worthwhile performing 
alveolar bone graft again or if a conventional 
prosthesis would fit well.
ORThOgNAThIC SURgERY
The rehabilitation of cleft lip and palate is 
a process initiated early in life. The surgical 
procedures for rehabilitation comprise primary lip 
and palate repair. These surgical procedures provide 
clear benefits for facial esthetics and function. 
However, the primary plastic surgeries have a 
restrictive effect on maxillary growth in patients 
with complete cleft lip and palate23,31.
Within this context, orthognathic surgery aims at 
correcting skeletal facial deformities present in early 
adulthood. The orthognatic surgery is indicated 
to patients with moderate to severe maxillary 
deficiency after growth (anteroposterior arch 
relation Goslon 4 and 5). Mild maxillary deficiencies 
(Goslon 3) with acceptable facial esthetics are 
treated with orthodontic tooth compensations. After 
the alveolar bone graft procedure, the maxilla can 
be advanced as a single structure, reducing the 
risks of an ischemia at maxillary segments edges. 
Yet, unofficial data suggest that approximately 
40% of the patients with complete cleft lip and 
palate at HRAC-USP undergo orthognathic surgery, 
especially maxillary advancement surgery or 
combined maxillary advancement and mandibular 
retroposition. In these cases the amount of 
maxillary advancement required are considered 
clinically large, usually around 15±5mm, with lower 
repositioning of around  4mm, and, therefore, 
partial relapses are somehow frequent.
Orthognathic surgery planning is performed 
using: 1) Post-orthodontic dental casts: at this 
stage, the patient is analyzed as to the orthodontic 
preparation and final occlusion, addressing 
the anteroposterior, transverse and vertical 
discrepancies; 2) Frontal and profile facial analysis: 
this is always performed with the patient in natural 
head positioning, relaxed lips and condyles seated 
in the fossa. The patient must be assessed for 
facial symmetry and harmony with relaxed lips and 
during smiling (Figure 8, 9); 3) Temporomandibular 
and mastication muscles analysis: evaluation of 
mandibular movement, presence of pain, TMJ and 
masticatory muscles disorders is essential to analyze 
pre-surgical status and the surgical outcomes after 
restoration of a functional and stable occlusion; 
4) Cephalometric tracing: after dental cast and 
facial analysis, cephalometric tracing is performed 
to measure the planned skeletal movements; 
the cephalometric tracing can be performed on 
a lateral cephalogram or computed tomography. 
Importantly, the examination should be performed 
with the patient using an occlusal record, condyles 
seated in the fossa, relaxed lips and natural head 
positioning; 5) Dental cast surgery: this is the last 
stage of the surgical planning and involves transfer 
of information from all clinical assessments to the 
dental cast. This should always be performed with 
the dental casts mounted on a semi-adjustable 
articulator with the occlusal records obtained from 
facial analysis and radiographs. It is recommended 
to perform dental cast surgery in an erickson 
platform to minimize errors in the transfer of 
movements of skeletal cephalometric tracing to the 
models. At the end of planning, a surgical guide 
is obtained to position the intermediate segments 
(maxilla or mandible) in the correct position relative 
to the other segment in the original position. After 
surgical planning, the next step is the surgical 
procedure. The osteotomies are maxillary Le Fort 
I and mandibular sagittal osteotomy. This allows 
achievement of tridimensional skeletal movements 
for both the maxilla and mandible. 
The patient remains hospitalized for 4 to 5 days 
until it is possible to maintain a good hygiene and 
the patient is able to change the intermaxillary 
orthodontic elastics correctly. The clinical and 
radiographic postoperative follow-up are performed 
at every 60 days during the first 6 months and then 
at every 6 months for at least 2 years.
The success of orthognathic surgery begins with 
proper orthodontic preparation, careful planning, 
precise surgical technique and postoperative care 
with diet and oral hygiene (Figure 10, 11). The 
major complications include maxillary relapse and 
mobility due to great advances as a consequence 
of severe midface deficiency, usually observed 
in cleft lip and palate patients, an adverse effect 
of primary plastic surgeries. In order to prevent 
maxillary relapses and minimize respiratory and 
aesthetic problems durind adolescence, osteogenic 
distraction can be considered prior to orthognathic 
surgery, for extreme anteroposterior discrepancies. 
It can be performed from 9-10 years of age, 
depending on maxillary canine germ position to 
allow Le Fort I osteotomy, without its downfracture.
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FINAL CONSIDERATIONS
Maxillofacial surgery is an important field in the 
rehabilitation of cleft lip and palate. The role of 
maxillofacial surgery at our center is to perform the 
secondary alveolar bone graft procedure and the 
orthognatic surgeries. Alveolar bone graft procedure 
reconstructs the alveolar bone morphology, 
permitting tooth movement at the maxillary anterior 
region. The orthognatic surgery is indicated for 
patients with complete cleft lip and palate and 
moderate to severe maxillary deficiency and 
generally evolves le Fort I maxillary advancement. 
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